In eukaryotes, chromosomal DNA binds to core histones (2 copies of H2A, H2B, H3 and H4 each), resulting in the formation of nucleosomes (Igo-Kemenes et al., 1982; Kornberg, 1977) . The base composition, i.e., guanine-cytosine (GC) content of chromosomal DNA, plays an important role in nucleosome formation (Nishida, 2012; Tillo and Hughes, 2009) . Each organism (species) favors a particular GC content, which is generally greater than the GC content of the chromosomal DNA, in order to form nucleosomes and bind core histones (Nishida et al., 2013; Yu et al., 2002) . For example, species belonging to Aspergillus, a genus of filamentous ascomycetes, have a GC content of 50%. Their nucleosome occupancy is greatest in the regions with approximately a 54% GC content (Nishida et al., 2013) . The GC content of fungal chromosomes ranges from 32.523% to 56.968% (Jung et al., 2008) . However, regardless of the varied GC contents of chromosomal DNA, precise nucleosome formation is essential for survival. Consequently, it is hypothesized that the structure of core histones may have co-evolved together with GC-content changes in chromosomal DNA.
Ascomycota comprise 3 subphyla, Pezizomycotina ("Euascomycetes", the majority belonging to filamentous ascomycetes), Saccharomycotina ("Hemiascomycetes", the majority belonging to ascomycetous budding yeasts), and Taphrinomycotina ("Archiascomycetes", the earliest diverging ascomycetous lineage) (Liu et al., 2009; Nishida and Sugiyama, 1994) . Although the genomes of Pezizomycotina are intron-rich as in Basidiomycota, those of Saccharomycotina are intron-poor (Kupfer et al., 2004; Stajich et al., 2007) . These characteristics are primarily found in the histone genes (Yun and Nishida, 2011) , suggesting that the evolution of fungal genomes did not fol- Chromosomal DNA sequences of 76 Basidiomycota, 199 Pezizomycotina, 77 Saccharomycotina, and 8 Taphrinomycotina were used. Bas, Pez, Sac, and Tap indicate Basidiomycota, Pezizomycotina, Saccharomycotina, and Taphrinomycotina, respectively. Fungal histone amino acid sequences were downloaded from the Kyoto Encyclopedia of Genes and Genomes. Theoretical isoelectric points were calculated using the ExPASy ProtParam tool of the Swiss Institute of Bioinformatics. Bas, Pez, Sac, and Tap indicate Basidiomycota, Pezizomycotina, Saccharomycotina, and Taphrinomycotina, respectively. ues of each histone protein were assessed. Among the core fungal histone proteins, pIs of histones H2A and H2B were lower than those of histones H3 and H4 (Fig. 2) .
In addition, pI analysis revealed that amongst the histones, H2A and H3 had a greater pI diversity than H2B and H4 (Fig. 2) . The results of the analysis of the variance showed that P values of the histones H2A, H2B, H3 and H4 amounted to 5.4 × 10 -10 (P < 0.05), 0.19 (P > 0.05), 1.4 × 10 -40 (P < 0.05) and 0.23 (P > 0.05), respectively. Therefore, it seems that the pIs of histones H2B and H4 are conserved among the four phylogenetic lineages, whereas the pIs of histones H2A and H3 display a greater variation.
Although Basidiomycota and Pezizomycotina had a higher chromosomal GC content than Saccharomycotina and Taphrinomycotina, the patterns of pI distribution were different between Basidiomycota and Pezizomycotina (Fig. 2 ). Basidiomycota and Pezizomycotina had the lowest pIs for histones H2A and H3, respectively. In addition, Basidiomycota had higher pI values for histone H3 than any of the other lineages. Saccharomycotina and Taphrinomycotina, which contained low chromosomal GC contents, had high pI values for histones H2A and H3.
Nucleosome formation is also influenced by dinucleotide sequences associated with core histones (Jansen and Verstrepen, 2011; Nishida, 2014; Nishida et al., 2012; Segal et al., 2006) . Hence, the chromosomal DNA sequence may have co-evolved together with histone protein (gene) changes during fungal evolution. The present study indicates that the pI values of histones H2A, H2B, H3, and H4 were not clearly correlated with the chromosomal GC contents, suggesting that the four histones have not synchronously evolved. However, the pI values of histones H2A and H3 may be related to the evolution of fungal core histones and chromosomal DNA. respectively) than that of Saccharomycotina and Taphrinomycotina (median contents: 38.7% and 37.6%, respectively) (Fig. 1) .
The GC content of chromosomal DNA influences nucleosome formation (Tillo and Hughes, 2009 ), suggesting that the GC content of chromosomal DNA is related to the structure of core histones. In this study, the pI val-
